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Abstract . Data from Atmosphere Explorer D for 
periods of strong northward interplanetary magnetic 
field show the following characteristic behavior in 
the dayside magnetospheric cusp region: Energy- 

time. spectrograms of suprathermal positive ion 
fluxes exhibit a characteristic 'V pattern as the 
spacecraft moves toward higher latitudes; that is, 
with the peak in the energy spectrum falling in 
energy and then rising again. Convection veloci- 
ties follow this pattern closely with strong east- 
west flows (with antisunward components) occurr- 
ing in the equatorvard half of the 'V and sig- 
nificant sunward tlows occurring in the poleward 
half of the 'V. These patterns can be under- 
stood qualitatively in terms of a model of iono- 
spheric electric potential produced by the known 
dependence of Birkeland current densities on mag- 
netic activity. 

Introduction 

Early results in the study of the low-altitude 
magnetospheric cusp region revealed the occasional 
occurrence of a systematic variation of positive- 
ion energy spectra from harder to softer and then 
to harder again as the cusp was traversed in lati- 
tude. This 'V signature was first noted by 
Helkklla and Wlnningham (1971) who referred to it 
as a "butterfly" pattern. The Atmosphere Explorer 
D (AE-D) mission has given us the opportunity to 
investigate this phenomenon along with associated 
affects observed in ionospheric convection pat- 
terns and in the interplanetary magnetic field 
(IMF). The statistical relationship between the 
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occurrence of the cusp ion 'V peCtems end the 
IMF Is reported seperetely by Relff et (1979) 
uho established a strong correlation with north- 
ward IMF components. The study reported on in 
this paper investigated the ionospheric convec- 
tion patterns that accompany the 'V -shaped ion 
precipitation patterns. 

Experimental Results 

An example of the 'V shaped signature of 
cusp positive-ion precipitation is provided by 
the data of AE-D orbit 347, idiich are sho%m in 
Figure 1. For this particular case the poleward 
segment of the *V is much more distinct than the 
equatorward segment. Also apparent in Figure 1 
are narrow regions of accelerated electrons which 
are grouped near the poleward and equatorward 
boundaries of the cusp — a behavior observed in 
several, but not all, of the twelve 'V signa- 
tures identified. Figure 2 contains the corres- 
ponding convection data for orbit 347. Three 
secs of data appear in Figure 2. The first set, 
shown as a histogram plot in the lower panel, 
indicates the median positive ion energy as a 
function of U.T., with invariant latitude and 
magnetic local time shown along the top of the 
figure. The median ion energy is defined here 
as that energy for which the integral countr; 
at higher energies (up to LEE maximum energy 
of 25 keV/e) and the integral counts at lover 
energies (down to the LEE minimum energy of 
200 eV/e) are equal. 

The second set of data shown in Figure 2 
contains the components of horizontal ion drift 
perpendicular to the orbit plane. Positive 
values of this drift component Indicate geo- 
graphically westward drift components in this 
case. 

The third set of data in Figure 2 contains 
projections of the measured total vector flow 
velocities onto the plane containing the 
spacecraft velocity vector and perpendicular 
Co the orbit plane. The flow vectors are 
plotted along the top of Figure 2 in the fol- 
lowing manner: (1) The spacecraft orbital 

motion is represented by a straight line; 

(2) The location of the orbit in A-MLT is 
shown along the top axis; (3) Each flow vec- 
tor. is anchored at the position along the 
orbit line at which it was measured and is 
drawn using two measured velocity compo- 
nents (one along the spacecraft velocity 
vector aiKt the ocher perpendicular to the 
orbit plane). 


Th« data of Figure 2 display savaral iaporcant 
faaturas of convaccionpactsrns that acconpaniad 
tha cusp positive- ion 'V* signature in orbit 347. 
First, tha reversal from westward to eastward 
convection near tha equatorward cusp boundary is 
a shear reversal of the type discussed by Heelis 
at (1976); that is, a near 180* direction 
change with the magnitude of the velocity being 
almost zero at the reversal. Secondly, the strong 
eastward convection components in the equatorward 
part of the 'V are accompanied by significant 
northward, or anti-sunward, components. Thirdly, 
the decrease of eastward velocity components 
observed as tha spacecraft entered the poleward 
part of the 'V* was accompanied by a near 90* 
direction change so that a rotational reversal 
of the type discussed by Heelis ^ al (1976) 
is indicated near the bottom of the 'V. Finally, 
the low eastward flow velocities within the pole- 
ward half of the 'V are accompanied by signifi- 
cant southward, or sunward, components. 

The convection velocities plotted in Figure 2 
contain a component due to corotation. In 
Figure 3, the same flow vectors are shown in a 
A-MLT polar plot with corotation subtracted out; 
that is. Figure 3 shows the convection veloci- 
ties in a coordinate frame which rotates with 
the earth. Figure 3 shows data for a larger seg- 
ment of AE-D orbit 347, and it is evident that 
the sunward velocity components extend signifi- 
cantly poleward of the cusp region. These sun- 
ward flows in the polar cap are no doubt related 
to the sunward flows observed in the single- 
component measurements reported by Burke et ^ 
(1979). An apparent concentration of these sun- 
ward flows in the dayside region of the polar cap 
is indica;:ed by the low probability (ISZ) with 
which they are observed in the dawn-dusk orbits 
of AE-D (Spiro et al, 1979). 

The Imp-J IM? data reveal that strong north- 
ward magnetic field components existed in the 
interplanetary medium for about SO minutes pre- 
ceding the AE-D cusp crossing of orbit 347. Such 
conditions have been found to be typical for the 
'V shaped ion precipitation patterns discussed 
above. 


Hodel Calculations 

Several authors have recently developed models 
of global ionospheric electrostatic potential 
using Triad field-aligned current data as input 
functions to the evaluation of the current conti- 
nuity equation, combined with Ohm's law, using 
realistic ionospheric conductivity models. Of 
these studies only that of Glzler et al (1979) 
included the effects of the cusp region current 


•ytttm. Gizier al showed thsc whea Che cusp 
region currents alone are considered, sunward 
convection results in the polar cap. However, 
when considering cusp region currents along with 
Region 1 currents , Gizier ec, al incl\ided only 
one branch of the cusp region currents (that is, 
only upward currents or only downward currents) 
in order to simulate the effects of positive 
and negative IMF By. Therefore, as a first step 
toward a convection model which includes the full 
set of current systems observed by Triad, we 
have formulated an extremly simple model i^ich 
has proven to be quite instructive. The model 
has the following features: (1) k flat, uni- 

formly resistive ionosphere is used; (2) The 
cusp region. Region 1, and Region 2 Birkeland 
current systems (lijima and PoCemra 1976a, b) are 
represented by curvilinear charge distributions 
on the assumed ionospheric surface; (3) The 
charge distributions are aligned along arcs of 
circles with centers at A ■ 87*, MLT ■ 00 hours 
(Meng ec al, 1976) , with radii (or polar angles) 
of 13. (cusp region), 16.5* (Region 1), and 20® 
(Region 2) ; and (4) The angular extent of the 
circular current segments measured from the noon 
meridian are +10* to +20* (cusp region) , +5* to 
^0* (Region 1) , and +15* to +90* (Region 2) . In 
this model, doimward Birkeland currents are re- 
presented by positive charge densities, upward 
currents by negative charge densities. The mag- 
nitudes of the charge densities for the three 
current systems for quiet and disturbed conditlc'is 
are assigned relative values according to the cur- 
rent densities published by Ii]lma and Potemra 
(1976a, b). These numerical values are as listed 
in Table 1, which reflects a rather strong depen- 
dence of Region 1 and Region 2 current densities 
on loagnetic activity but no such dependence of 
cusp region currents. Implicit in this study is 
the identification of periods of strong northward 
IMF as magnetically quiet. 

In Figure 4 are plotted electric equipotentlals 
calculated with the model described above for 
quiet conditions (top panel) and disturbed condi- 
tions (bottom panel) . Also shown are the corres- 
ponding flow directions. The voltage drop between 
adjacent equipotentlals is the same for both 
panels of Figure 4; therefore, it is imnedlately 
evident that much stronger flows result in the dis- 
turbed model. Also clear in comparing the two 
plots of Figure 4 is the appearance of much 
stronger poleward flow components in the throat 
region (near the noon meridian and just poleward 
of the Region 1 current system) for the disturbed 
case. 


Examining now the post-noon (^<13 hrs MLT) re- 
gion of the flow pattern for quiet conditions 
(upper panel) of Figure 4, we note that as one 
B»ves poleward the three distinct flow regimes 
found in Figures 2 and 3 appear. That is, west- 
ward flow equatorward of the Region 1 current 
system, eastward flow between the cusp region 
and Region 1 systems, and sunward flow near and 
just poleward of the cusp region currents. The 
character of the two flow reversals is also re- 
produced properly; chat is, a 180* shear reversal 
at the Region 1 system and a more gradual rota- 
tion of the flow near and poleward of the cusp 
region currents. It is worthy of note that in 
the quiet-conditions plot of Figure 4 (top panel) 
the region of sunward flow is much more localized 
to the day sld .* of the polar cap than in the pre- 
vious modr jf Burke e_t al and Maezawa ^ al 
(1979). 

Some qualitative features of the ’V signa- 
tures of precipitating ion fluxis in the cusp 
region can also be explained in terms of the 
quiet-tir*e model of Figure 4. Assume that injec- 
tion of solar-wind ions into the cusp occurs at 
a region of weak magnetic field at the high-lati- 
tude dayside magne"opause (neutral point entry) 
and that this region maps magnetically down to 
the ionosphere to a region near the noon meri- 
dian and overlapping the $ ■ 0 contour of Fi- 
gure 4, During transit of the ions from the mag- 
netopause to the ionosphere they would convect 
away from the noon meridian (east and west) while 
converging toward the <> ■ 0 contour, as shown by 
the flow contours of Figure 4 (upper panel). At 
the same time cross-field diffusion, driven per- 
haps by the turbulence that is generally present 
in the cusp, would tend to transport the ions 
both equatorward and poleward from the injection 
latitude. The lower-energy ions would spend more 
time in transit from the magnetopause to the iono- 
sphere and hence would tend to accumulate near 
the ♦ ■ 0 contour. Also, as noted by Reiff e^ 
al (1979), the more energetic ions would diffuse 
more rapidly away from the injection latitude 
since the diffusion velocity is expected to 
increase along with the ion gyroradius. These 
effects would tend to form a 'V'-shaped ion 
energy-latitude precipitation in that the high- 
est energy ions would cover the widest range of 
latitudes. Other possible ion injection mecha- 
nisms are discussed by Reiff e^ el (1979). 
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TABLE I 


Current Syeten 

Relative Charge DenalCy 

Quiet 

Disturbed 

Cuep Region 

2.5 

2.5 

Region 1 

0.8 

2.0 

Region 2 

0.2 

0.5 


nCURE CAPTIONS 


Fig. 1. Enargycijna spectrogram of electron and 
po''itlve-lon differential nvuaber fluxes for AE-D 
orbit 347. 


Fig. 2. (Bottom Panel) Median energy of precipitating ions (histogram) and 
east-west convection velocity components (positive westward) for AE-D orbit 
347 on 5 November 1975. (Top Panel) Ion convection velocity vectors in the 
horizontal plane (perpendicular to the orbit plane) . 


Fig. 3. Polar plot of ion convection data for 
AE-D orbit 347 on 5 November 1975. Convection 
velocity vectors are plotted in a coordinate 
frame which rotates with the earth. 


Fig. 4. Results of model calculations on Iono- 
spheric convection based on Triad Blrkeland current 
data for quiet (top panel) and disturbed (bottom 
panel) conditions. 
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